Coughing is a defensive reflex action of the airway that removes foreign objects and mucus. Here, meta-analysis was performed to review the results of previous studies regarding the effects of coughing exercise and expiratory muscle training (EMT), and to examine the effectiveness of EMT in enhancing cough functions. A systematic literature search was performed using the EBMR, CINAHL, PEDro, MEDLINE, and Ichushi Web (NPO Japan Medical Abstracts Society) databases. Based on a methodological framework, a critical review was performed and summary effect sizes were calculated by applying the random effects model. Both the forced expiration technique (FET) and coughing alone significantly increased mucus clearance. EMT significantly increased expiratory muscle strength, suggesting that it is possible to improve cough effectiveness by EMT. Further studies with larger and more diverse sample groups are necessary to determine the effects of enhancing expiratory muscle strength on cough effectiveness.
INTRODUCTION
Coughing is a defensive reflex of the airway. The glottis closes after inspiration, and when the expiratory muscles contract, the pleural, alveolar, and subglottic pressures increase to as much as 200 cmH 2 O, after which the glottis reopens suddenly. Within 0.02s, expiratory flow (peak cough flow, PCF) may reach 6-16 L/s, resulting in removal of mucus and foreign bodies that have invaded the airway 1) .
Coughing exercise is an airway clearance technique consisting of postural drainage, percussion, vibration, bagging, and airway suction, used in chest physiotherapy 2) . These methods include coughing alone, the forced expiration technique (FET), and the assisted coughing method.
In tetraplegic patients, coughing is thought to be insufficient because of severe impairment of expiratory muscle function. Van der Schans et al. reported a statistically significant increase in bronchial mucus transport in such patients due to voluntary coughing 3) . Moreover, Smina et al. reported that patients with PCF≤60 L/min were five times as likely to have unsuccessful extubation and 19 times as likely to die during their hospital stay. These observations suggest that PCF is a predictor of extubation outcome, morbidity, and mortality 4) . However, the effectiveness of chest physiotherapy for airway clearance in patients with acute or chronic respiratory failure has not yet been established 5) , and its preventive effect against aspiration pneumonia in patients with deglutition is still uncertain.
Based on the results of meta-analysis, Smith et al. reported that there was little evidence of benefit of clinical importance of inspiratory muscle training (IMT) in patients with chronic obstructive pulmonary disease (COPD) 6) . However, Lotters et al. re-examined the meta-analysis eight years later, and reported that controlled IMT was effective for these patients, especially those with inspiratory muscle weakness 7) . On the other hand, there have been no previous reports of meta-analysis of expiratory muscle training (EMT). Takahashi et al. reported the effects of respiratory physiotherapy on expiratory muscle confirmed by meta-analysis 8) . However, this study only included data from a Japanese study, which was not performed as a randomized controlled trial (RCT).
The present study was performed to clarify the effectiveness of coughing exercise and EMT by meta-analysis, and to determine whether EMT can enhance the effectiveness of cough.
METHODS
The databases used for the literature selection were the Evidence-based Medicine Review (EBMR), including the Cochrane Database of Systematic Reviews, Cochrane Central Register of Controlled Trials, Database of Abstracts of Reviews of Effects, and ACP Journal Club provided by OVID Co., CINAHL (1990 to October 2004), PEDro, MEDLINE (1966 to October 2004), and Ichushi Web (NPO Japan Medical Abstracts Society; 1983 to October 2004). The keywords used in the literature search were as follows: cough, exercise or training, coughing exercise, expiratory muscle training, and human. Publication languages were English or Japanese, and the research design was a randomized controlled trial. Outcomes were d e s c r i b e d i n t e r m s o f w e i g h t o f s p u t u m expectorated, radioactive aerosol clearance, PCF on coughing exercise, maximal expiratory pressure (PEmax), maximal inspiratory pressure (PImax), and PCF on EMT.
We retrieved each database, and obtained the literature that fulfilled the selection criterion based on the title and abstract. In addition, we reconfirmed whether these studies actually fulfilled the selection criteria. Relevant studies were selected for meta-analysis based on the references in the literature.
The methodological quality of each of the included studies was evaluated by two independent reviewers (Kojima, H. and one other) using a modification of the framework for methodological quality used by Smith et al. (full marks, 40 points; Table 1 ) 6) . Agreement regarding each criterion was e v a l u a t e d b y w e i g h t e d K a p p a s t a t i s t i c . Disagreements regarding methodological quality were resolved by a third reviewer (Yamada, T.).
The meta-analysis was performed using StatsDirect (StatsDirect Ltd., Sale, UK) 9) . The homogeneity test statistic (Q-statistic) of each set of effect sizes was examined to determine whether studies shared a common effect size, the variance of which could only be explained by sampling error 7) . When the p-value was>0.10, the homogeneity was considered consistent. In addition, effect sizes of each individual study were calculated based on a confidence interval of 95% using the random effect model.
RESULTS
A total of ten studies (six concerning coughing exercise, and four concerning EMT) were used for meta-analysis in the present study. The study population in the coughing exercise studies consisted of 74 people, including patients with cystic fibrosis and COPD, while that in the EMT studies consisted of 76 subjects, including those with multiple sclerosis, COPD, and healthy individuals.
The weighted Kappa of inter-reviewer agreement for the validity criteria varied from 0.27-1.00, and the methodological quality score varied from 24-38 points. All of the coughing exercise studies were of randomized crossover design. The main qualitative faults of the studies were insufficient blinding procedures: in nine studies, the outcome evaluators were either not blinded or it could not be determined whether they had been blinded to experimental groups. There were no studies in which PCF was noted as an outcome.
The results of the meta-analysis are shown in Table 2 . The outcomes that retained homogeneity were radioactive aerosol clearance, which was used to evaluate FET, coughing used to evaluate coughing exercise, and PEmax used to evaluate EMT.
There was no significant difference in radioactive aerosol clearance as compared with the control group which was prohibited from coughing, although the coughing group showed a significant increase in weight of sputum expectorated. The FET group showed a significant increase in weight of sputum expectorated as compared with the coughing alone group, but no significant differences were observed in radioactive aerosol clearance. EMT significantly increased PEmax, but no effect was observed on PImax.
DISCUSSION
Meta-analysis is a statistical technique for combining or pooling data from several studies within a systematic review 10) . Specifically, the effect size is calculated from the difference between means of the treatment and control groups after treatment, divided by the pooled standard deviation of the post-treatment outcome measure of the treatment and control groups 7) . The calculated effect sizes are weighed for sample size and summarized to obtain a weight summary effect size. Clinicians can then read the meta-analysis rather than large numbers of individual reports, which can save a great deal of time. Meta-analysis researchers should retrieve primary reports that fulfill the selection criterion in a comprehensive manner, and meta-analysis studies should be performed on reports with an RCT design to avoid bias in the primary reports. Moreover, it is necessary to evaluate the validity of the primary reports, and to exclude those of low quality. It is not necessary for the selected primary research to correspond with regard to patients, research design, contents of intervention, or outcome. However, homogeneity in the meta-analysis should be high.
The present meta-analysis had some limitations in selection bias in that we used only limited databases and languages, and that sufficient measures were not taken to control publication bias. Therefore, our meta-analysis contains some bias. With regard to the methodological quality of each of the studies included in the meta-analysis, the weighted Kappa of 0.27-1.00 is conventionally considered "fair to very good." There were some differences in judgment between reviewers as quality was evaluated by two or more reviewers. However, a third reviewer made the final decision to obtain reliability in judgment. The meta-analysis showed some heterogeneity. Most of the selected studies were of crossover design, had small sample size, and included various diseases. The effect size was calculated using the random effect model, which is a strict statistical method.
Meta-analysis indicated that coughing was an effective method for expectoration. Two selected reports showed no significant differences in radioactive aerosol clearance between coughing and control groups. However, one of these was a pilot study (Hasani 1991 ) of the other. The results of each of the other studies reached statistical significance, and the pilot study should not have been selected for meta-analysis. Therefore, the present meta-analysis confirmed that coughing exercise is effective for voluntary expectoration, although coughing was originally a reflex for airway clearance. FET is an alternative coughing technique advocated by Sesehou 11) . This method is called huffing, and is done without closing the glottis. This reduces transpulmonary pressure as compared with coughing, thereby resulting in less airway compression and closure (Hasani 1994) . FET was shown to significantly increase the weight of expectoration as compared with coughing alone, but it was not significantly effective in radioactive aerosol clearance. These observations indicate that FET is as effective as coughing alone. Therefore, coughing training by FET is recommended for patients with COPD.
EMT is expected to improve exercise tolerance in patients with COPD (Weiner 2003) , and to strengthen cough function in patients with multiple sclerosis (Gosselink 2000) . The findings of the meta-analysis performed in the present study confirm that EMT strengthens the expiratory muscles. All of the primary studies used threshold devices for training loading, and the results were consistent, yielding homogeneity in the metaanalysis. Lotters et al. concluded in their metaanalysis of the effects of controlled inspiratory muscle training in patients with COPD that when training loading was controlled, inspiratory muscle strength and endurance could be increased. Villafranca et al. reported that threshold loading enhanced the velocity of inspiratory muscle contraction 12) . Thus, threshold loading appears to be a suitable expiratory muscle training method to improve cough effectiveness as coughing is a reflex that requires rapid contraction of expiratory muscles within 0.02s.
In conclusion, this meta-analysis indicates that both FET and coughing alone can significantly i n c r ea s e m u c u s c l e a r a n c e , a n d t h a t E M T significantly increases expiratory muscle strength. There were no studies in which PCF was noted as an outcome. Further studies with larger and more diverse sample populations are necessary to determine the effects of increasing expiratory muscle strength on cough effectiveness (Smeltzer 1996) . It may be possible to improve cough effectiveness by EMT using threshold loading.
